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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the medium 
noise and to improve stability in a regenerative signal. 
SOLUTION: In the method for manufacturing a 
perpendicular magnetic recording medium, a hard 
magnetic pinning layer 12, a soft sub-strate layer 13 and 
a perpendicular magnetic recording layer 14 are formed 
in order on a sub-strate 11, and heat treated while 
applying a rotating magnetic field H in the surface 
direction of respective layers in vacuum for dissolving 
demagnetization. The magnetic field that the soft 
magnetic substrate layer 13 causes magnetization 
inversion is defined Hs, and the magnetic field that the 
hard magnetic pinning layer 12 causes the magnetization 
inversion is Hh, and the rotating magnetic field H is set 
to Hs<H<Hh, and heat treatment is performed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of a 
vertical-magnetic-recording medium, this invention relates to the manufacture method of the vertical-magnetic-recording 
medium heat-treated while forming a hard magnetism pinning layer, a soft-magnetism ground layer, and a 
vertical-magnetic-recording layer in order and impressing rotating magnetic field in the direction of a field of each class in a 
vacuum on a substrate more at a detail. 
[0002] 

[Description of the Prior Art] Conventionally, many two-layer film media by which high-density record attracts attention by the 
bird clapper possible from the direction record of a field of present [ vertical magnetic recording ] 5 and consists of a 
soft-magnetism ground layer and a vertical recording layer as a record medium rather than it are examined. Efficient record 
reproduction is possible for such a two-layer film medium by combining with a single magnetic pole type head. Since the sharp 
vertical recording layer of a perpendicular stacking tendency is obtained, the two-layer film medium which uses a Co-Zr system 
amorphous soft-magnetism film as a ground layer especially is effective in especially improvement in record efficiency (refer to 
JP,6-342512,A). 

[0003] However, in a magnetic-recording medium given [ this ] in reference, especially a disc-like record medium, the problem 
that signal strength will decline with time only by rotating the record medium is started after signal record. This happens, in order 
that the magnetic field generated from the magnetic domain wall of a soft-magnetism ground layer may eliminate the record 
signal of a vertical recording layer. The magnetic field generated from the magnetic domain wall of this soft-magnetism ground 
layer also causes the problem of also enlarging a medium noise again. 

[0004] Then, artificers proposed the vertical-magnetic-recording medium which prevents the demagnetization accompanying 
rotation of a medium and reduces a medium noise, without spoiling record reproducing characteristics by preparing previously 
the orientation hard magnetism pinning layer within a field which has magnetization in radial between a substrate and a 
soft-magnetism ground layer (refer to JP,7- 129946, A). When the orientation hard magnetism pinning layer within a field has 1 
shaft magnetic anisotropy in radial [ of a disc-like record medium like CoSm ], a big effect is acquired especially. Furthermore, 
as the technique of making high the permeability mu of a soft-magnetism ground layer, and heightening a reproduction output, it 
is strong to the grade in which magnetization of both the ground layer is saturated in a vacuum l/1000Pa or less after ground 
layer membrane formation enough, for example, the method of heat-treating in the rotating magnetic field of 24 kA/m is effective 
as shown in the 2nd reference of the above. The atom in a Co-Zr system amorphous film diffused this by operation of heat and a 
magnetic field, and when an anisotropy field can weaken, permeability mu uses the bird clapper highly. 
[0005] 

[Problem(s) to be Solved by the Invention] However, impression of a magnetic field sufficiently strong against the grade with 
which not only magnetization of a soft-magnetism ground layer but magnetization of the orientation hard magnetism pinning 
layer within a field is saturated like the above-mentioned heat treatment method will weaken simultaneously radial 1 shaft 
magnetic anisotropy of a hard magnetism pinning layer as well as a soft-magnetism ground layer. Consequently, a medium noise 
occurs also by the small external magnetic field at the time of signal regeneration, or it becomes easy to cause signal degradation. 

[0006] Therefore, this invention aims at offering the manufacture method of the vertical-magnetic-recording medium which 

reduces a medium noise and may raise the stability of a regenerative signal. 

[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention sets to Hh the magnetic field 
from which Hs and a hard magnetism pinning layer start flux reversal for the magnetic field from which a soft-magnetism ground 
layer starts flux reversal, and they are rotating magnetic field H Hs<H<Hh - (1) 
It is characterized by heat-treating by it being alike and setting up. 

[0008] By carrying out like this, during heat treatment, flux reversal is not started, but 1 shaft magnetic anisotropy radial [ strong 
] is held, simultaneously, flux reversal is repeated and a hard magnetism pinning layer can raise permeability mu only for a 
soft-magnetism layer. 

[0009] They are rotating magnetic field H, using the anisotropy field of a soft-magnetism ground layer as Hk, in order to 
heighten this effect further Hk<H<Hh - (2) 



1 of 3 



3/27/03 5:56 PM 



http://www4 .ipdl .jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



It is good to heat-treat by it being alike and setting up. 

[0010] Since the direction of magnetization of the soft-magnetism ground layer under heat treatment is better in agreement with 
the direction of a magnetic field by carrying out like this, the anisotropy of a soft-magnetism ground layer becomes still weaker, 
and can raise permeability mu further. 
[0011] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained below. 

[0012] Drawing 3 shows the basic structure of the vertical-magnetic-recording medium 10 which applies the method of this 
invention, and, in the case of a disc-like record medium, consists of the disc-like glass substrate 1 1, pinning layer 12p, 12h of 
hard magnetism ground layers, a soft-magnetism ground layer 13, a vertical-magnetic-recording layer 14, and a protective layer 
15 sequentially from the lowest layer. Pinning layer 12p is prepared in order to make magnetization of 12h of hard magnetism 
ground layers into the orientation within a field (that is, pinning is carried out), and it constitutes the hard magnetism pinning 
layer 12 by both layers. In this magnetic-recording medium 10, things indispensable as a medium function are the hard 
magnetism pinning 12, the soft-magnetism ground layer 13, and the vertical-magnetic-recording layer 14, and this invention 
relates to the manufacture method of the vertical-magnetic-recording medium 10 of such a three-tiered structure. And since the 
summary of this invention is in the heat treatment process after three-layer membrane formation, explanation about the structure 
itself is given simple. 

[0013] The mode of 1 operation of this invention is explained. Each magnetic layers 12-14 form membranes using DC 
magnetron-sputtering equipment. In this sputtering system, the 1st magnet 22 is arranged in the lower part center section of the 
target 21, and the 2nd magnet 23 and 24 is arranged at the lower part periphery section of a target 21. The polarity of the magnet 
22 to a target 21 and magnets 23 and 24 is mutually arranged to the target 21 at the retrose so that it may add the magnetism of 
both magnets for each other. The glass substrate 1 1 of mirror-plane finish above a target 21 is arranged. A glass substrate 1 1 can 
be rotated around an axial center 9, and, thereby, the rotating magnetic field which act in the inside of the field, i.e., radial, with 
magnets 22-24 can be added to a glass substrate 1 1 . 

[0014] Now, on the occasion of membrane formation of a up to [ a glass substrate 1 1 ], pinning layer 12p which consists of Cr is 
first formed by the thickness of 50-100nm on a glass substrate 11, and on it, an Co-Sml7at% layer is formed in thickness of 
150nm, and it considers as 12h of hard magnetism ground layers. It is as having already stated that the hard magnetism pinning 
layer 12 is constituted by pinning layer 12p and 12h of hard magnetism ground layers. The Co-Zr5-Nb4at% layer was formed in 
thickness of 500nm as a soft-magnetism ground layer 13 on it. During membrane formation, the magnetic field of 4 kA/m is 
added to radial [ of a glass substrate 1 1 ] by the magnetron magnet 22, and 23 and 24, and magnetization and easy axis of the 
hard magnetism pinning layer 12 and the soft-magnetism ground layer 13 are arranged with radial. 300 degrees C and heat 
treatment of 3 hours are performed impressing the rotating magnetic field H of Hs<H<Hh after the above-mentioned membrane 
formation, noting that it is the magnetic field from which the soft-magnetism ground layer 13 starts flux reversal for Hs by the 
magnetron magnet 22, and 23 and 24 to both the ground layers 12h and 13, and the magnetic field from which the hard 
magnetism pinning layer 12 starts flux reversal for Hh in a vacuum l/1000Pa or less. 

[0015] Thus, the M-H characteristic curve CI of the radius (easy axis) direction of the obtained membrane formation and the 
M-H characteristic curve C2 of the direction of a periphery (hard axis) are shown in drawing 1 . In addition, an M-H 
characteristic curve is a curve which shows the relation between the impression magnetic field H and the magnetization M which 
this produces like common knowledge. As shown in drawing 1 , in this membrane formation, it turns out that the magnetic field 
Hs from which the soft-magnetism ground layer 13 starts flux reversal, and the magnetic field Hh from which the hard 
magnetism pinning layer 12 starts flux reversal are Hs=320 A/m and Hh=2.2 kA/m, respectively. Moreover, from the tangent T 
which passes along the zero O in the M-H characteristic curve C2 of the direction of hard axis, it can ask for the anisotropy field 
Hk of the soft-magnetism ground layer 13 with Hk=1.2kA/m. The permeability mu of this film was a circumferencial direction 
(the direction of hard axis), and was 700 in 1MHz. 

[0016] Next, to the above-mentioned membrane formation, it supposes that it is Hk the anisotropy field of the soft-magnetism 
ground layer 13, and the radial M-H characteristic curve C3 of the membrane formation obtained when 300 degrees C and heat 
treatment of 3 hours were performed in a vacuum l/1000Pa or less, and the M-H characteristic curve C4 of a circumferencial 
direction are shown in drawing 2 under the rotating magnetic field of H=2 kA/m which satisfies Hk<H<Hh. In this case, the flux 
reversal of an Co-Sm layer (12h) has turned steeply compared with heat treatment before by radial, and it is shown that radial 1 
shaft magnetic anisotropy became strong. That is, even if the external magnetic field to the reversal magnetic field (this drawing 
2.1 kA/m) of this CoSm hard magnetism pinning layer 12 is impressed to a medium, it means that there is no fear of a medium 
noise becoming large or causing signal degradation. Moreover, sufficient value for the permeability mu of the film after this heat 
treatment to improve to 2400 by 1MHz by the circumferencial direction, and obtain a high reproduction output was acquired. 
[0017] Next, the M-H characteristic curve C5 radial [ at the time of having performed the sample of membrane formation before 
the above-mentioned heat treatment in the conventional heat treatment conditions, i.e., a vacuum l/1000Pa or less, for 
comparison, and heat-treating in the rotating magnetic field of 24 kA/m for 300 degrees C and 3 hours ] and the M-H 
characteristic curve C6 of a circumferencial direction are shown in drawing 6 . In this case, the permeability mu of membrane 
formation was enough to improve to 2500 by 1MHz by the circumferencial direction, and obtain a high reproduction output. 
However, the flux reversal of an Co-Sm layer (12) is changing slowly compared with heat treatment before, and it is shown that 
radial 1 shaft magnetic anisotropy has become weaker so that clearly from drawing 6 . That is, if the external magnetic field 
beyond the magnetic field (this drawing 1.4 kA/m) from which the flux reversal of this Co-Sm layer (12) begins is impressed to a 
record medium, it means that there is a possibility of a medium noise becoming large or causing signal degradation. 
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[0018] The disc-like record medium was described in the above explanation. However, this invention is applicable similarly to a 
tape-like record medium. That is, the same effect will be acquired, if for the easy axis of the aforementioned hard magnetism 
pinning layer and a soft-magnetism layer to be made into the head run direction and a right angle and it is made to make hard 
axis parallel. 
[0019] 

[Effect of the Invention] According to the manufacture method of this invention described above, the 
vertical-magnetic-recording medium which has the following advantages can be offered, or the manufacture method can be 
offered. 

(1) A medium noise is small to an external impression magnetic field. 

(2) The stability of a record signal is high to an external impression magnetic field. 

(3) It can heat-treat by the small magnetic field at the time of manufacture. 



[Translation done.] 
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